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1. INTRODUCTION

The goal of our study is to present a paradigm whereby a complex
computer system such as a robot can cooperate smoothly with
humans. To do this, the computer system must have the ability to
communicate with humans using some form(s) of information
transmission. Such a system must be equipped with a function for
both understanding human emotions and expressing emotional
signals to its human counterparts. In this regard, facial expression
is a promising target for research. Accordingly, we have been inves-
tigating both aspects of facial expression.

In this paper, we describe the challenges of reaching our goal. The
remainder of the paper is organized as follows: Section 2 summa-
rizes our studies on facial expression recognition; Section 3 briefly
describes our studies on human-computer-human communica-
tion via the Internet; Section 4 outlines our studies on human-
computer communication; Section 5 discusses our work on inte-
gration with speech; Section 6 concludes the paper.

2. FACIAL EXPRESSION RECOGNITION

2.1. Infrared-ray Image Utilization

We have developed a method for recognizing facial expressions
using thermal image processing [1]. In this study, infrared-ray was
used. Figure 1 shows the influence of lighting at night on a facial
image using both visible-ray (Figure la and 1c) and infrared-ray
(Figure 1b and 1d). As is evident in the figure, the visible-ray image
is strongly influenced by lighting conditions, while the thermal
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image is unaffected. With our method, neutral, happy, surprised,
and sad facial expressions were recognized with 90% accuracy [1].
Figure 2 shows examples.

2.2. Sensor Fusion

Sensor fusion is a promising way to improve the recognition accu-
racy of facial expression or emotion recognition. Several stud-
ies [2,3] to improve accuracy using sensor fusion have produced
promising results.

2.3. Analysis for Medical Use

Facial expression analysis using infrared-ray images [4] or visible-
images [5-7] has been successfully conducted with the goal of iden-
tifying subjects suffering from pre-stage dementia or other medical
problems such as depression.

3. HUMAN-COMPUTER-HUMAN
COMMUNICATION

Social Network Services (SNSs) have become extremely popular as
communication tools on the Internet. However, while it is possible
to post a message, a static image, or a moving image on a platform
such as Twitter, it is difficult to communicate the actual emotions
felt when writing a message or posting an image. We believe that
a support system is needed to facilitate smoother communication
between humans in their use of SNSs. Not having immediate and
direct contact with one another risks misunderstanding, especially
from an emotional point of view.


http://creativecommons.org/licenses/by-nc/4.0/
mailto:yoshitomi@kpu.ac.jp
https://doi.org/10.2991/jrnal.k.210521.003
https://www.atlantis-press.com/journals/jrnal

Y. Yoshitomi / Journal of Robotics, Networking and Artificial Life 8(1) 10-13 11

Figure 1 Examples of face-image at night; (a) visible-ray image with
lighting, (b) infrared-ray image with lighting, (c) visible-ray image
without lighting, (d) infrared-ray image without lighting [1].

Figure 2 Examples of facial expressions; (a) neutral, (b) happy,
(c) surprised, (d) sad [1].

One of our studies is aimed at expressing the real emotions of indi-
viduals writing messages for posting on an SNS site by analyzing
their facial expressions and visualizing them as pictographs. To this
end, we have developed a real-time system for expressing emotion
as a pictograph selected according to the writer’s facial expression
while writing a message [8,9]. We applied the system to the posting
on Twitter of both a message and a pictograph [8,9].

The lower panels in Figure 3 show the output of our system in a
situation where the subject was asked to intentionally show two
types of emotions—neutral or smiling—when writing the mes-
sage, HHHIEBERIGE L A7 %7€ ISl £ 7.
ISR EH . ST oA D E T3 . (in Japanese), which
means, “I will attend the discussion section held at the professor’s
room in the information communication system lab in fifth period
tomorrow.” [8].

A SEmEY U= (CHRUETD
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Figure 3 Snap-shots (upper) of posting on Twitter; messages and
pictographs (lower) posted on Twitter (left: neutral; right: smiling) [8].

The results of the questionnaire surveys show that our system dis-
tinguished correctly between the two types (neutral and smiling) of
facial expressions for the subject, and that the pictographs selected
by the system correctly reflected the facial expressions while writ-
ing messages for the subject [8].

4, HUMAN-COMPUTER COMMUNICATION
4.1. Personified Agent

The process of agent generation in our system [10] consists of six
steps: (1) creating facial expression data, (2) recording vocal utter-
ances, (3) automatic WAVE file division, (4) speech recognition by
Julius [11], (5) insertion of expressionless data, and (6) the creation
of facial expression motion.

Expressive motions are generated by combining the expression
data of each vowel for each utterance motion. Then, the utterance
contents are input as text and used by the MikuMikuDanceAgent
(MMDAgent) [12], which is a freeware animation program
that allows users to create and animate movies with agents, to
output synthesized voice that is then recorded by a stereo mixer
inside a PC and saved as a WAVE file. Speech is recognized
using a speech recognition system called Julius [11], followed by
facial expression synthesis of the agent using preset parameters
depending on each vowel. Facial expression data were created
with MikuMikuDance [13].

In this study, to generate more human-like agent facial expressions,
facial expression data were created for the vowels /a/,/i/,/u/,/ e/,
and / o / (Figure 4) [10]. To create more natural agent facial expres-
sions, processing is then performed to insert a neutral facial expres-
sion when the same vowel, for example / a /, is continuous [10].

4.2. Human-Computer Communication
in Music Recommendation

The music recommendation module of the proposed system [14] is
based on a previously proposed system [15] that uses collaborative
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Figure 4 Facial expression of the agent when uttering each vowel [10].

filtering and impression words (see the paper [15] for details of the
music recommendation module).

In the music-recommendation process, all user navigations are
performed by the synthetic voice of the agent appearing on the PC
screen facing the user. All dialogue spoken by the agent is situa-
tionally selected by the proposed system [14]. The user’s answers
to the questions generated by the agent are recognized using the
voice recognition function of the system, and the agent motions,
including facial expressions, are then generated.

Figure 5 shows two snapshots of the reaction of the agent after rec-
ognizing (a) a positive answer, i.e., the user wishes to listen to the
recommended song again in the future, and (b) a negative answer,
i.e., the user does not wish to listen to the recommended song in the
future. In the case of (a), the agent nods twice and raises the corners
of the mouth slightly, while in the case of (b), the agent also nods
twice, but lowers the corners of the mouth slightly. Figure 6 shows
a snapshot of the music recommendation being performed by the
proposed system [14].

The experiment was performed separately using the database con-
sisting of the 52 children’s songs, and that consisting of the 58 pop-
ular songs, with two experimental conditions for each (Condition
1: with the input to the system being performed by a supporter
instead of the agent navigating the system and Condition 2: with the
agent navigating the proposed system) [14]. Following the exper-
iment, all subjects were requested to select one of five [evaluation
value] answers ([5] absolutely yes, [4] yes, [3] I can't say either, [2]
no, [1] absolutely no) to seven questions (Table 1) to evaluate the
proposed system [14]. Table 2 shows the average-values for each
question listed in Table 1. The mean value of the averages listed
in Table 2 was 4.1, suggesting a positive overall evaluation of the
proposed system [14].

5. INTEGRATION WITH SPEECH

Utterance judgment is necessary for deciding the timing of facial
expression recognition. Moreover, the mouth shape with or with-
out an utterance influences facial expression. In our studies, the
first and last vowels in an utterance such as a name were recognized
for deciding the timing of the facial expression recognition [16,17].

Figure 5 Snapshots of the reaction of the agent after recognizing (a) a
positive answer and (b) a negative answer [14].

Figure 6 Snapshot of performing song-recommendation by the proposed
system [14].

Table 1 Questionnaire to evaluate the proposed system [14]

No. Question

1 Was music-recommendation on Condition 2 smoother than
that on Condition 1?

2 Were explanations by the agent easy to understand?

3 Were dialogues with the agent natural?

4 Were movements of agent mouth natural?

5 Were agent’s reactions natural after recognizing user’s positive
answer for listening to the just recommended music again in
the future?

6 Were agent’s reactions natural after recognizing user’s negative
answer of no more he just recommended music from now on?
7 Did you feel enjoyable in using the proposed system?

Table 2 Evaluation of the proposed system [14]

Question no. 1 2 3 4 5 6 7

Average 3.6 44 4.0 3.6 4.5 43 45

Speech recognition and synthesis are indispensable for human-
computer communication. In particular, developing the function
of emotional speech synthesis [18] offers a way to create a para-
digm whereby a computer system such as a robot can work seam-
lessly with humans.

6. CONCLUSION

To develop a complex computer system such as a robot that can
communicate smoothly with humans, it is necessary to equip the
system with the ability to both understand human emotion and
express emotional signals to humans. From both points of view,
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facial expression is a promising research field. In developing a
method for recognizing facial expressions, we have used infra-
red-ray images as well as visible-ray images. For expressing emo-
tional signals to humans, we have developed a personified agent.
Developing the function of emotional speech synthesis is the next
target of our studies.

CONFLICTS OF INTEREST

The author declares no conflicts of interest.

ACKNOWLEDGMENTS

We would like to thank Dr. J. Narumoto, Professor of the Kyoto
Prefectural University of Medicine, Dr. M. Tabuse, Professor of the
Kyoto Prefectural University, and Dr. T. Asada, Associate Professor
of the Kyoto Prefectural University, for their valuable cooperation
during the course of this research.

REFERENCES

[1] Y. Yoshitomi, N. Miyawaki, S. Tomita, S. Kimura, Facial expres-
sion recognition using thermal image processing and neural net-
work, Proceedings of the 6th IEEE International Workshop on
Robot and Human Communication, IEEE, Sendai, Japan, 1997,
pp. 380-385.

[2] Y. Yoshitomi, S.I. Kim, T. Kawano, T. Kitazoe, Effect of sensor
fusion for recognition of emotional states using voice, face
image and thermal image of face, Proceedings of the 9th IEEE
International Workshop on Robot and Human Interactive
Communication, IEEE, Osaka, Japan, 2000, pp. 178-183.

[3] Y. Oka, Y. Yoshitomi, T. Asada, M. Tabuse, Emotion recogni-
tion of a speaker using facial expression intensity of thermal
image and utterance time, J. Robot. Netw. Artif. Life 3 (2016),
148-151.

[4] Y. Yoshitomi, T. Asada, R. Kato, M. Tabuse, Method of facial
expression analysis using video phone and thermal image,
J. Robot. Netw. Artif. Life 1 (2014), 7-11.

[5] T. Asada, Y. Yoshitomi, R. Kato, M. Tabuse, J. Narumoto,
Quantitative evaluation of facial expressions and movements of

AUTHOR INTRODUCTION

Dr. Yasunari Yoshitomi

He received his B.E., M.E., and PhD
degrees from Kyoto University in 1980,
1982, and 1991, respectively. He works
as a Professor at the Graduate School of
Life and Environmental Sciences of Kyoto
Prefectural University. His specialties are
applied mathematics and physics, infor-
matics environment, intelligent informat-
ics. He is a member of IEEE, HIS, ORS]J,
IPSJ, IEICE, SSJ, JMTA, and IIEE].

(6]

(7]

(8]

(10]

(11]
(12]
(13]

(14]

(15]

(16]

(17]

(18]

persons while using video phone, J. Robot. Netw. Artif. Life 2
(2015), 111-114.

T. Asada, Y. Yoshitomi, A. Tsuji, R. Kato, M. Tabuse, N. Kuwahara,
etal.,, Facial expression analysis while using video phone, J. Robot.
Netw. Artif. Life 2 (2016), 258-262.

R. Shimada, T. Asada, Y. Yoshitomi, M. Tabuse, Real-time system
for horizontal asymmetry analysis on facial expression and its
visualization, J. Robot. Netw. Artif. Life 6 (2019), 7-11.

Y. Yoshitomi, T. Asada, K. Mori, R. Shimada, Y. Yano, M. Tabuse,
Facial expression analysis and its visualization while writing
messages, J. Robot. Netw. Artif. Life 5 (2018), 37-40.

T. Asada, Y. Yano, Y. Yoshitomi, M. Tabuse, A system for posting
on an SNS an author portrait selected using facial expression anal-
ysis while writing a message, Artif. Life Robot. 6 (2019), 199-202.
T. Asada, R. Adachi, S. Takada, Y. Yoshitomi, M. Tabuse, Facial
expression synthesis system using speech synthesis and vowel
recognition, J. Adv. Artif. Life Robot. 1 (2020), 59-63.

Julius. Available from: http://Julius.osdn.jp/ (accessed November
24, 2020).

MMDAgent. Available from: http://www.mmdagent.jp/ (accessed
November 24, 2020).

MikuMikuDance. Available from: https://sites.google.com/view/
vpvp/ (accessed November 29, 2020).

A. Matsui, M. Sakurai, T. Asada, M. Tabuse, Music recommenda-
tion system driven by interaction between user and personified
agentusingspeechrecognition, synthesized voiceand facial expres-
sion, in: M. Sugisaka (Ed.), Proceedings of the 2021 International
Conference on Artificial Life and Robotics, Japan, 2021,
pp- 28-31.

S. Yoshizaki, Y. Yoshitomi, C. Koro, T. Asada, Music recommen-
dation hybrid system for improving recognition ability using
collaborative filtering and impression words, Artif. Life Robot.
18 (2013), 109-116.

Y. Yoshitomi, T. Asada, K. Shimada, M. Tabuse, Facial expres-
sion recognition of a speaker using vowel judgment and thermal
image processing, Artif. Life Robot. 16 (2011), 318-323.

T. Fujimura, Y. Yoshitomi, T. Asada, M. Tabuse, Facial expression
recognition of a speaker using front-view face judgment, vowel
judgment, and thermal image processing, Artif. Life Robot. 16
(2011), 411-417.

R. Makino, Y. Yoshitomi, T. Asada, M. Tabuse, Speech synthesis
of emotions in a sentence using vowel features, J. Robot. Netw.
Artif. Life 7 (2020), 107-110.


https://doi.org/10.1109/ROMAN.1997.647016
https://doi.org/10.1109/ROMAN.1997.647016
https://doi.org/10.1109/ROMAN.1997.647016
https://doi.org/10.1109/ROMAN.1997.647016
https://doi.org/10.1109/ROMAN.1997.647016
https://doi.org/10.1109/ROMAN.2000.892491
https://doi.org/10.1109/ROMAN.2000.892491
https://doi.org/10.1109/ROMAN.2000.892491
https://doi.org/10.1109/ROMAN.2000.892491
https://doi.org/10.1109/ROMAN.2000.892491
https://doi.org/10.2991/jrnal.2016.3.3.3
https://doi.org/10.2991/jrnal.2016.3.3.3
https://doi.org/10.2991/jrnal.2016.3.3.3
https://doi.org/10.2991/jrnal.2016.3.3.3
https://doi.org/10.2991/jrnal.2014.1.1.2
https://doi.org/10.2991/jrnal.2014.1.1.2
https://doi.org/10.2991/jrnal.2014.1.1.2
https://doi.org/10.2991/jrnal.2015.2.2.10
https://doi.org/10.2991/jrnal.2015.2.2.10
https://doi.org/10.2991/jrnal.2015.2.2.10
https://doi.org/10.2991/jrnal.2015.2.2.10
https://doi.org/10.2991/jrnal.2016.2.4.12
https://doi.org/10.2991/jrnal.2016.2.4.12
https://doi.org/10.2991/jrnal.2016.2.4.12
https://doi.org/10.2991/jrnal.k.190531.002
https://doi.org/10.2991/jrnal.k.190531.002
https://doi.org/10.2991/jrnal.k.190531.002
https://doi.org/10.2991/jrnal.2018.5.1.9
https://doi.org/10.2991/jrnal.2018.5.1.9
https://doi.org/10.2991/jrnal.2018.5.1.9
https://doi.org/10.1007/s10015-013-0107-z
https://doi.org/10.1007/s10015-013-0107-z
https://doi.org/10.1007/s10015-013-0107-z
https://doi.org/10.1007/s10015-013-0107-z
https://doi.org/10.1007/s10015-011-0939-3
https://doi.org/10.1007/s10015-011-0939-3
https://doi.org/10.1007/s10015-011-0939-3
https://doi.org/10.1007/s10015-011-0967-z
https://doi.org/10.1007/s10015-011-0967-z
https://doi.org/10.1007/s10015-011-0967-z
https://doi.org/10.1007/s10015-011-0967-z
https://doi.org/10.2991/jrnal.k.200528.007
https://doi.org/10.2991/jrnal.k.200528.007
https://doi.org/10.2991/jrnal.k.200528.007

